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Abstract

Objective: This study analysed whether the persistence of both reversible airway
obstruction (RAO) and elevated BE counts was associated to reduced asthma control
and accelerated lung function decline in treated severe asthmatics.

Methods: About 202 severe asthmatics were studied after 12—120 months of step-5
treatment associated to anti-IgE therapy. Following treatments, reversibility tests,
after inhaling 400 mcg of Salbutamol, were performed. FEV; > 12% or <12%
changes differentiated RAO+ from RAO— subjects. Blood eosinophil (BE) counts
after treatment were considered.

Results: Pre-/post-treatment bronchodilator FEV ;% and ACT were lower (61%
[50-71], 74.4% [62.5-83.7] and 20[18-22]), whereas BE were higher (380 cells/ul
[170-590]) in RAO+ compared to RAO— subjects (77% [64-88], p = 0.0001, 81.8%
[66.1-94.3], p = 0.0001, 21[18-23], p = 0.045 and 230 cells/ul [80-360], p = 0.003).
A negative relationship between SABA-induced FEV ;% changes and pre-broncho-
dilator FEV,% (f = —0.551%; p = 0.0001) and ACT ($ = —0.059; p = 0.038) was
found. Conversely, post-treatment BE levels were positively related (f = 145.565
cells/ul; p = 0.003) to FEV, > 12% increases. A rising trend of pre-/post-broncho-
dilator FEV,% in time was observed in RAO— subjects with BE < 300 cells/ul.
Conversely, we highlighted significant declining tendencies of pre/post-bronchodi-
lator FEV,% in RAO+ patients with BE > 300 cells/ul reaching lower values after
more than 36 months of step-5 treatment (59.6% [39.9-72.1] vs 74[66.5-89.2] of
RAO+ individuals with BE < 300 cells/ul [p = 0.026] and 81.6% [66.1-91.8] of
RAO-subjects with BE > 300 cells/ul [p = 0.009]).

Conclusion: Persistent SABA-induced FEV, > 12%, especially when associated to
BE > 300 cells/ml, may be a marker of accelerated lung function decline in severe
asthmatics despite maximal step-5 treatment. The highest bronchodilation associated
to the lowest BE levels should be the main goal of asthma treatment to prevent such
decline.
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1 | INTRODUCTION

A positive reversibility test to salbutamol can foresee an
unsuitable asthma control in regularly treated subjects.l’2
Post-bronchodilator spirometric values may reflect patients’
“personal best” results. The therapy goal is to achieve a
personal best FEV, and consequently optimal disease con-
trol.' A positive bronchodilator response to short acting 2-
agonists (SABA) may be associated to higher airway
inflammation levels and therefore, to lower asthma con-
trol. Actually, exhaled nitric oxide (FENO), eosinophils
in bronchial biopsy or a combination of serum IgE, blood
eosinophils (BE) and FENO are correlated to bronchodila-
tor responses.3_7 Additionally, patients with greater SABA-
induced FEV, increase showed higher sputum or blood
eosinophil levels compared to subjects with lower bronchial
obstruction reversibility.®’ Therefore, significant reversibility
may reflect airway eosinophilic inflammation. Furthermore,
some studies confirm that higher blood/sputum eosinophils
and an elevated FENO level are associated not only with a
greater airflow obstruction, but also with an enhanced lung
function decline.®'? Actually, some asthmatics present an
accelerated lung function decline. Such decline is probably
a functional reflection of airway remodelling, a consequence
of inflammation induced structural and functional changes in
the airways due to injury and repair processes of the airway
tissue.'* As already said, some studies have shown a correla-
tion between a greater FEV, decline and the elevated levels
of inflammatory cells (sputum or blood eosinophils and neu-
trophils, bronchial CD8+ T cells) and cytokines (serum peri-
ostin, IL5 and IFN y).8"13

The reversible airflow obstruction (RAO) prevalence and
its relationship with asthma control are not well known in
severe asthmatics under maximal step-5 treatment. It is also
unclear whether RAO persistence might be linked with a
constantly higher BE counts and whether both conditions can
be also associated to an accelerated lung function decline in
treated severe asthmatics. Therefore, we evaluated whether
the persistence of both RAO and elevated BE counts was
associated to reduced asthma control and accelerated lung
function decline in a group of treated severe asthmatics.

2 | MATERIALS AND METHODS

We retrospectively evaluated 202 severe allergic asthmat-
ics who had been under step-5 treatment associated with
Omalizumab. Various outcomes in the last follow-up visit
(performed after periods varying from 6 to 120 months of
treatment) were considered. At the end of each period, FEV,,
Asthma Control Test (ACT), FENO, BE counts, medications
used, possible controller therapy steps-downs, number of
moderate/severe exacerbations (in the last 6—12 months), ICS

doses and SABA use as needed in the last month of treatment,
were considered as step-5/Omalizumab therapy responses.
Following patients’ treatments, spirometries with reversibility
tests, after inhaling 400 mcg of Salbutamol, were performed.
Using FEV, > 12% or <12% as parameters, patients were
considered affected either by RAO or non-RAO respectively.
Pre- and post-bronchodilator FEV,%, at the end of patients’
treatments, were evaluated in RAO and non-RAO subjects
by relating them to BE counts (>300 or <300 cells/ul)
measured after patients’ therapies. Data concerning indi-
viduals enrolled for the Novelli et al study,15 for which the
protocol was approved by Pisa University Hospital's Ethics
Committee, (protocol 105 FPRO001 no. 3436, approved on
10 November 2011) and for which informed consent was ob-
tained for each patient, was used for the purpose of our study.
Thus, post hoc analysis of the previous study data were per-
formed according to the objective of our research.

3 | RESULTS
83 RAO+ (FEV, > 12%) and 119 RAO- subjects
(FEV, < 12%) were identified. Pre-/post-bronchodilator
FEV,%, BE counts and ACT (61% [50-71], 74.4% [62.5—
83.7], 380 cells/ul [170-590] and 20[18-22]), measured
after treatment periods, were worse in RAO+ subjects when
compared to results of RAO— individuals (77% [64-88],
p = 0.0001, 81.8% [66.1-94.3], p = 0.0001, 230 cells/ul
[80-360], p = 0.003 and 21[18-23], p = 0.045; Table 1). No
differences in other outcomes were observed. Multivariate
analysis (adjusted for confounding factors) showed post-
treatment pre-bronchodilator FEV,% values negatively
($ = -0.271%; p = 0.0001) associated with FEV, > 12%
changes after Salbutamol (compared to FEV, variation <12%
subjects) (Table 2). Conversely, after treatment, BE levels
were positively related (f = 145.565 cells/ul; p = 0.003) to
FEV, > 12% increases. Significantly reduced ACT enhance-
ments (f = —0.059; p = 0.038) per unit of FEV,% variation
after reversibility test were also found (Table 2).
Pre-bronchodilator FEV% measured at 12-36 (65.15%
[50-71.8] and at >36 months (59% [43.5-69.8]) of step-5
asthma-guidelines treatment was lower in RAO+ in com-
parison to RAO-— patients (pre-bronchodilator FEV:
77% [67.2-89.7] at 12-36 months; 79.6% [61.9-89.7] at
>36 months; p < 0.0001). Post-bronchodilator FEV,% (after
more than 36 months) was lower in RAO+ (71.3% [60.4—
83.5]) in comparison to RAO— subjects (82.3% [64.6-94.9];
p = 0.018), whereas no differences were found in subjects
treated for less than 12 months (data not shown). A signifi-
cantly increasing trend of both pre- and post-bronchodila-
tor FEV % was observed in RAO— subjects with BE < 300
cells/ul, while a stable tendency in RAO— patients with
BE > 300 cells/ul (Figure 1A,B) was detected. Conversely,
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TABLE 1

Subjects (n) M/F

Age

BMI

Smokers

Months of Omalizumab therapy

Doses of Omalizumab

Sensitizations to house dust mite

Sensitizations to pollens

Sensitizations to moulds

Sensitizations to cat/dog dander

Total serum IgE (Ul/ml)at baseline

Eosinophils (n° cells/ul) evaluated in 155 patients
Eosinophils (%) evaluated In 155 patients

FEV % increase after salbutamol

FEV,% pre-bronchodilator

FEV,% post-bronchodilator

N° of subjects with FEV,;% pre-bronchodilator > 80%
N° of subjects with FEV; % post-bronchodilator > 80%
Exacerbation number in the previous year

N° of subjects without exacerbations in the previous year

N° of subjects with exacerbations > once a year (in the
previous year)

FENO (ppb)

Subjects with FENO > 25 ppb (%)
Subjects with FENO < 25 ppb (%)
ACT

Subjects with ACT > 20 (%)

Subjects with ACT < 20(%)

No SABA use in the previous month
SABA use > once in the previous month
Unchanged level or step-up of therapy
Therapy step-downs

Low dose of ICS therapy

Medium dose of ICS therapy

High dose of ICS therapy

Characteristics of RAO— (FEV1 < 12%) and RAO+ (FEV1 > 12%) patients

RAO- subjects: FEV, < 12%

119 (58.9%) 65/54 (54.6/45.4%)
54 [45-64]
26.9 [24-29.4]
35 (29.4%)

33 [15-48]
504.9 + 265
89 (74.8%)

51 (42.8%)

14 (11.6%)

36 (30.4%)
301 [139-584]
230 [80-360]
4[2-6.7]
5[0-8]

77 [64-88]
81.8 [66.1-94.3]
51 (42.8%)

70 (58.8%)
0[0-1]

68 (59.6%)

46 (40.4%)

28 [16-45]
33 (55.9%)
26 (44.1%)
21 [18-23]
83 (69.7%)
36 (30.3%)
68 (66.7%)
34 (33.3%)
64 (59.3%)
44 (40.7%)
9 (12.3%)

31 (42.5%)
33 (45.2%)

The bold highlights the outcomes with statistical significance compared to the other non-significant ones.

we highlighted both pre- and post-bronchodilator FEV,% de-
clining tendencies in RAO+ patients with BE > 300 cells/pl

(Figure 1C,D). In fact, post-bronchodilator FEV,% in RAO+
patients with BE > 300 cells/ul, after more than 36 months

of step-5 treatment, was lower (59.6% [39.9-72.1] than the 4 |

one measured in RAO+ individuals with BE < 300 cells/

ul (74% [66.5-89.2]; p = 0.026) and in RAO-subjects with
BE > 300 cells/ul (81.6% [66.1-91.8]; p = 0.009). RAO+

RAO+ subjects: FEV, > 12%

83 (41.1%) 64/19 (77.1/22.9%)
54 [45-61]

26.4 [24.2-31]
18 (22%)

29 [17-48]
523.1 £277.5
63 (75.9%)

36 (43.4%)

9 (10.8%)

25 (30.5%)
378.5 [229-604.5]
380 [170-590]
4.62.8-8.1]

19 [15-24.9]

61 [50-71]

74.4 [62.5-83.7]
7 (8.4%)

50 (60.2%)
01[0-1]

49 (59.8%)

33 (40.2)

23.5 [16-36]
16 (42.1%)
22 (57.9%)
20 [18-22]
47 (56.6%)
36 (43.4%)
40 (54.8%)
33 (45.2%)
42 (55.3%)
34 (44.7%)
8 (7.8%)
32 (31.4%)
62 (60.8%)

DISCUSSION

WILEY-L2

p
0.001
0.705
0.700
0.410
0.594
0.896
0.945
0.963
0.856
0.988
0.158
0.003
0.225
0.0001
0.0001
0.009
0.0001
0.918
0.667
0.988

0.655
0.184

0.045
0.055

0.111

0.589

0.120

patients with BE > 300 cells/ul, that may characterise an
accelerated FEV, decline, were 36/155 (23.2%).

About 41% of our severe asthmatics showed RAO despite
a step-5 level treatment. They were characterised by lower
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TABLE 2 Relationships between RAO+ patients and RAO— subjects in various outcomes measured at the end of the step 5/Omalizumab
treatment period and associations among the various results and changes in FEV % obtained after the reversibility test to salbutamol at the end of

the treatment period

RAO+ subjects (with FEV, > 12%; n = 83)

Outcomes obtained after step 5/Omalizumab
treatment

n = 119)
FEV % pre-bronchodilator ()
FEV % post-bronchodilator (/)
ACT (B

ACT < 20 (vs. > 20) OR [95% CI]
FENO (p)

FENO > 25 (vs. < 25) OR [95% CI]
BE (p)

BE% ()

Exacerbations posttreatment > 1 (vs. no exacerbations)
OR [95% CI]

High dose of ICS (vs. low/medium doses) OR [95% CI]
SABA use > 1 (vs. no use) OR [95% CI]

Unchanged level or step-up of therapy (vs. step-down
of treatment) OR [95% CI]

(Ref.: RAO— patients, with FEV, < 12%;

—0.271 (p = 0.0001)

0.268 (p = 0.0001)

0.199 (p = 0.762)

0.948 [0.572-1.929] (p = 0.693)

5.591 (p = 0.601)

1.274 [0.633-2.563] (p = 0.497)
145.565 (p = 0.003)

0.583 (p = 0.390)

1.040 [0.614-1.761] (p = 0.147)

1.416 [1.187-1.925] (p = 0.031)
1.368 [0.596-3.137] (p = 0.459)
0.863 [0.426-1.749] (p = 0.682)

FEV,% changes after
reversibility test with salbutamol
—0.551 (p = 0.0001)
0.318 (»p = 0.0001)
—0.059 (p = 0.038)
1.016 [0.979-1.054] (p = 0.403)
0.427 (p = 0.439)
0.967 [0.917-1.021] (p = 0.224)
3.174 (p = 0.149)
0.012 (p = 0.664)
1.005 [0.966-1.045] (p = 0.819)

1.171 [0.977-1.226] (p = 0.105)
1.018 [0.981-1.058] (p = 0.341)
0.995 [0.964-1.027] (p = 0.749)

Note: Each box of the table represents a model. Logistic and regression models were applied considering the reversibility test results as dichotomous or as continue
variables. Each line was a different model. Significant results are showed in bold. Each model was adjusted for age, FEV,, BMI, various sensitisations, IgE value,
Omalizumab dose, comorbidities (considering separately: hypertension, diabetes, rhinitis, sinusitis, nasal polyposis, chronic heart disease, osteoporosis, OSAS, mental
disorders, gastroesophageal reflux),smoking habits, age of asthma onset, ICS dose, LABA use, Montelukast use, aspirin intolerance, eosinophils and short-acting

bronchodilator response.
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FEV,% and ACT, confirming that RAO and worse lung func-
tion/asthma control were associated as observed, although
in less severe asthmatics, by other studies. Furthermore,
such outcomes appeared to be related to the bronchodilator
response magnitude. This significant relationship between

bronchodilator reversibility and reduced FEV,; and ACT out-
comes confirms the importance of excessive airway narrow-
ing in determining lung function impairment and consequently
worse symptoms. Despite a step-5 level treatment, an asso-
ciation between bronchodilator reversibility and persistently
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higher BE counts was also found, suggesting that eosino-
philic airway inflammation may cause/influence excessive
airway narrowing and consequently reduced outcomes. Other
studies have confirmed an association between the reversible
airflow and the eosinophilic pattern.S_6 Furthermore, other
researches assert that failing to reduce eosinophilic inflam-
mation (BE and/or FENO) significantly influences asthma
control and lung function irnprovement.10’16’17 Hence, the re-
versibility test may be a marker of reduced response because
it may reflect a persistent eosinophilic airway inflammation
suggesting possible different treatments as anti-eosinophilic
therapies.

RAO+ subjects showed a lower post-treatment FEV,
confirming what observed by other studies.>*® Patients
with significant reversibility may show an excessive airway
narrowing due to airway smooth muscle contraction, very
probably eosinophilic-inflammation induced. Actually, cor-
relations between airway hyperresponsiveness and sputum
eosinophils,18 as well as BE counts, serum IgE levels and
FENO concentrations in RAO asthmatics were found.>™
Eosinophilic inflammation markers were associated to lower
baseline lung function.>*!® When considering FEV, at dif-
ferent times of treatment, a progressive declining of pre/
post-bronchodilator FEV,% was detected only in subjects
with a significant bronchodilator reversibility and not in
RAO- asthmatics. This indicates that a persistent positive
bronchodilator reversibility (despite treatments) may predict
lung function decline. However, only when observing RAO+
subjects with persisting higher BE counts, we observed an
accelerated lung function decline with a lower FEV,% after
more than 36 months of treatment in comparison to pa-
tients treated for a shorter period and to those with lower
BE values. Conversely, in RAO— individuals with lower BE
counts, even lung function improved over time. Therefore,
lung function decline requires the association of a marked
airway narrowing and eosinophilic inflammation. Studies
have recently found an association between higher blood/
sputum eosinophil counts and lung function decline among
asthmatics,g’13 which, according to our results, may affect
approximately 23% of patients receiving a step-5 treatment
associated with omalizumab. It is not clear how eosinophilic
inflammation affects lung function decline. Eosinophils play
an important role in asthma pathogenesis: they are promo-
tors of the inflammatory response and directly and indirectly
associated to airway remodelling. The cytotoxic proteins se-
creted by eosinophils can directly damage airway epithelial
cells. Some authors have observed associations between air-
way remodelling and cellular inflammation with submucosal
eosinophilia,' a marker (and probably cause) of epithelial
damage related to airway smooth muscle (ASM) infiltration
with eosinophils and T lymphocytes.20 ASM layer increased
thickness was connected with airway remodelling and eo-
sinophilia.21 Eosinophils produce further TGF 1, which

WILEY-L2*

promotes fibroblast proliferation, the maturation of myofi-
broblasts and collagen synthesis. They may also help direct
angiogenesis in the asthmatics’ submucosa by producing sev-
eral angiogenetic factors, including VEGE> It is possible
that the elevated levels of eosinophils are actually induced by
the high production of IL5 and that this cytokine may play
a role in lung function decline. In fact, a recent study has
shown the existence of an association between high levels
not only of eosinophils but also of IL-5 (in induced spu-
tum) and accelerated FEV, decline.'" Anti-IL-5 treatment in
asthma patients was associated with a significant reduction
in the numbers of airway eosinophils expressing mRNA for
TGF-p1 and the concentration of TGF-p1 in BAL fluid.”
Furthermore, a 12-month treatment with anti-IL5 resulted in
improvements in exacerbations, systemic and local eosino-
phil counts and reductions of the total airway area and of the
airway wall area on CT, compared to findings in the placebo
group.26 Therefore, according to our results, bronchodilator
reversibility identifies asthmatics with accelerated lung func-
tion decline (despite elevated treatment levels) only when
associated to persistent eosinophilic airway inflammation.
Consequently, bronchodilator reversibility test, together with
BE measurements, should be considered in asthma manage-
ment and not only to diagnose/phenotype the disease.

In conclusion, despite a maximal step-5 treatment, per-
sistence of both SABA-induced bronchodilator reversibility
and higher BE levels may be not only a sign of poor asthma
control, but also a marker of accelerated lung function de-
cline in severe allergic asthmatics. The main goal of asthma
treatment should be achieving maximal bronchodilation as-
sociated to the lowest blood eosinophil levels to improve dis-
ease control and above all to prevent lung function decline.
Further studies are needed to confirm these findings.
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